In regenerating rat liver the activities of CMP-N-acetylneuraminate hydrolase and UDP-galactose pyrophosphatase were decreased to 40-50% of control values within 35 h after partial hepatectomy. In the same time period the activities of sialyltransferase and galactosyltransferase were increased, and the initial sharp decrease in the carbohydrate content of liver and serum glycoproteins was largely restored. The antiparallel nature of these events is suggestive of an involvement of nucleotide-sugar-hydrolysis enzymes in rat liver glycoprotein biosynthesis.
The physiological function of nucleotide-sugarhydrolysing enzymes was hitherto unknown. An indication that these enzymes might be involved in glycoprotein biosynthesis was obtained by JatoRodriguez et al. (1976) and Nelson et al. (1977) . They have reported that, during the oestrous cycle of the rat, UDP-galactose pyrophosphatase activity in the endometrium is varied in an antiparallel way with respect to UDP-galactose: glycoprotein galactosyltransferase activity and glycoprotein production in the endometrium. We were interested to see whether a general relationship exists between the activities of nucleotide-sugar-hydrolysing enzymes and glycoprotein biosynthesis. It has been reported that, in regenerating rat liver after partial hepatectomy, the activities of a variety of glycosyltransferases are increased (Bauer et al., 1976; Khalkhali et al., 1977; Serafini-Cessi, 1977; Ip, 1979) , the nucleotide-sugar concentrations are varied (Bauer et al., 1976; Harms et al., 1973; Okuba et al., 1977) and the biosynthesis of glycoproteins is altered (Okamoto & Akumatsu, 1977 . Therefore regenerating liver was used by us to study the possible relationship described above. The excised liver lobes were frozen and stored in liquid N2 until used as controls (see the legend to Fig. 1 below) . For each time point, three rats were used, which were treated simultaneously and were housed in the same cage.
Experimental
Preparation ofrat serum and liver homogenates At various times after operation (0-189h) blood was obtained by cardiac puncture and was allowed to clot. The sera were stored at -40°C until used. Directly after cardiac puncture the rats were killed by decapitation and the livers were perfused in situ with phosphate-buffered saline (0.136M-NaCl/ 2.6 mM-KCl / 8.3 mM-Na2HPO4 / 1.4mM-KH2PO4, pH 7.4) until blanched, whereafter they were removed and were stored in liquid N2. Homogenates (16%, w/v) were prepared in 0.25 M-sucrose after thawing and mincing of the livers (Van Dijk et al., 1977 
Assays
The following enzyme activities were assayed essentially by methods described previously: CMP-N-acetylneuraminate synthetase (Van Dijk et al., 1973) , CMP-N-acetylneuraminate hydrolase and UDP-galactose pyrophosphatase (Van Dijk et al., 1981) , phosphodiesterase I (Van Dijk et al., 1977) and CMP-N-acetylneuraminate:desialylated al-acid glycoprotein sialyltransferase (Van Dijk et al., 1 979a). UDP-galactose: ovalbumin galactosyltransferase activity was assayed at pH 6.0 as described by Berger et al. (1978) . The glycosyltransferases were incubated at 370C for 30min, during which time no interference of nucleotide-sugar-hydrolysing enzymes was observed, since over that period the reaction rates appeared to be linear with time (results not shown). Protein was determined by the Coomassie Blue method (Bradford, 1976) , with horse serum albumin as a standard. Carbohydrates were determined by g.l.c. (Van Dijk et al., 1979b) after methanolysis as described by Clamp et al. (1972) and removal of fatty acid methyl esters with n-hexane. N-Acetylgalactosamine and fucose were not detectable. In serum, N-acetylneuraminate was determined as described below.
Bound N-acetylneuraminate and free N-acetylneuraminate + CMP-N-acetylneuraminate were determined by using the isotope-dilution technique. For the assay of free N-acetylneuraminate + CMP-N-acetylneuraminate, frozen homogenate or serum was thawed and ["4C]N-acetylneuraminate (50000d.p.m.) and ethanol [-20°C; up to 70% (v/v)] were added. After centrifugation the supernatant was applied to a column (3.5 cm x 0.5 cm) of Dowex AG 1 resin (Bio-Rad; X8, Cl-form, 200-400 mesh) and the metabolites were eluted with 6 ml of 30mM-HCl and subsequently assayed as described by Ferwerda et al. (1981) 
Results and discussion
Shortly after partial hepatectomy the glycosylation capacity appeared to be increased in regenerating rat liver. This is illustrated by the elevated activities of glycoprotein sialyltransferase and galactosyltransferase (Fig. 1 ). An increased glycosylation capacity seems to be required for the restoration of the protein-bound carbohydrate content in liver membranes and serum, which was 
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Slightly elevated concentrations of nucleotide 1.0 sugars have been reported for regenerating rat liver 0.8 (Bauer et al., 1976; Okamoto & Akamatsu, 1977) 0.6 and are suggested from our results for CMP-N-acetylneuraminate (Fig. 4) . after partial hepatectomy (Fig. ib) . The elevated concentrations of nucleotide sugars might therefore result from decreased activities of nucleotide-sugarhydrolysing enzymes.
The decreased activities of the nucleotide-sugarhydrolysing enzymes most probably are not due to increased secretion of the enzymes into blood, since the very low serum activities of these enzymes were not affected significantly after operation, as is shown for phosphodiesterase I in Fig. 5 . Increased secretion might be responsible for the elevation of the serum glycosyltransferase activities after operation (Fig. 5) , since these elevations paralleled the increases in the glycosyltransferase activities in liver (see also Ip, 1979) . The different activity profiles presented in Fig. 1 for the various nucleotidesugar-hydrolysing enzymes do confirm the suggestion (Van Dijk et al., 1977) that, in liver, besides a non-specific nucleotide-sugar pyrophosphatase (phosphodiesterase I) there also exist other hydrolysing enzymes, namely CMP-N-acetylneuraminate hydrolase and UDP-galactose pyrophosphatase.
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